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(I Cucit: c n atri'jne q. ias%! meIt i'nq fArcIIit y h as beeno dFu5,, flneti
\fj' f,~t ait I.Snec 1 ran. Al o'orwam hcas.. been establ ished todei'r

a Crl~fd '1 hto rccs for t ne prleoarat iori of hi pin put it y,
F IL-i I ascses in ? i e bu Ik om P) dry-box (I U ppmo H20l) has.
~ei tiled. inr cA it ior 1 ,. a me it 1 rq furrnace has beer, desirg1e

a-i c! 1. t. - ne pui. a s s .T hzav e beer, melted unider, a dry, i rer-t
a' cut-t.eit her, rxt roucrt or, ar con. Both vi trezo-s car-bon arid

a blt 1 nltfl c ru1.c: i Ei es hla ve been ised. Pblack,, priaF.e has occl-urred 3n
of r ti rst twelve moeits. c~a~Im lctrnNi'oc warnd

*Lnviroy Oi soersi ye,: X-Ray Soectrc'scopy, as well as rerneit irq An
ut14 haebeen' use,.d to icurtify the blacw. chase. It has been

* csterinec tn-at wate- a.rfcd oxygen have leaked inoto the ml
atriso, r ar 'Ase at a s u-o reduct ion. With i mcve d f ttr ace
±;a.1rii e c Iear melts- nave resulted. Tnie iniert atmosph~elre

yr V- : VJW1 t na eer. est abi ished appear~s orm irand shc'i c
toi PtI't filPr dev e 1.Z ced.
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ii ~ L. ,r.. N bc Ii

*o F, orwe :zxr At i.:)ir, rt rii qh cot I ca). vital. it- v huli4 KHeavy Iy~eta :
*Icr 1 '"C C, assES (i:,vequires the .ee ojrir i f a

&~ 1 'cl enatrimcsrihere q lass melt iric fabricationl facility.
- ~ ~ ~ ~ z 'fcvoo'ss cit ne batched, melted arid arnnealed in aLry

- F.v~r free evi r, .,nmoe nt . a f2ifve'Wile batch inq ardarnealI inq ar~e
* c>.'mn -ece ir r, ny-uo,:xes, there ar-e several apeorozaches that

rCas, n"e ta er to:: ti-a prolero of melt iriq these y l asses. TrheS am~v~~hst Ior descan, be fused direct ly ii'- a dr-y, inert
~C~sflr.Or' tnle raw miaterials cars be moelted in A react ive.

cral'sw -- nher-e slich- as CGI4. Several ways to establish an iniert
* ~ traso'ereCari be metriAC in the 1 iter-att 'ire. Pill Poulain et al

hav ti? Cedtuoiciie clJasses i ri sealed nickelcribl.
e-c i , ernat meotrinod is toj m it under, a ri trc-qe r a rrjn

* ,0nU latter- method has beer, used for Phiase I o--f th-is
jr ettrrroi it i.3 Zi rcori cm based fluoite q lasses. [t

satDeo mentioned tniat tne facility cans be. easily conrvesrted
t,_ thie r'eactive atmoseohere Orocess.

[-nE, atmoconere corit-rco Iis a cr it ical pr-oblem in ri f1ucri-1d e

Le 17.1r1aGs 1creparat io:n, as it IS e-ssent iai to avoid cxi cc and 01H
* atai a r, cf tie ra moAterals arid of the meIt. Tnrese

I r't .1It I CS icad t:.- urtoes i cablIe rou d-I1 abscrot ionr. F I icjr- de
rea-:ct witn- wa- ter, accr~d nq to tne reactiin:

7~ d- e 'cids + H -CO L>xyt I'ior ides + HF

* ner CC'ho'irc(s an ozccur, in the rilt and are na::t solu'blje.
-Ii cacert rt a c- f cxyf 1 'irides in the p lass Carlct~

rin t a 1 1 z a t :o, makiru itt iropossl ble to cotaini a p lass. -' In
d io it Lc, ox ide ani OH cotam.iri ria t I1--im; c ar lIe ad t o the

f r rmat io-,n of ol -Ack- Dhases corntaininc reduced cat ions in the

c. P!4CLDuk1t

Tn e lass coronosit icr which nas been preoar-ed is Z)3LPN:

hr- aw mate n ia is used sre h i oh pur I t y ftI 'icr ides:, I i st ed I n,
atIC, i . le? Z <V , has been, sublii med toc remove c i de, lead

a-uis r h I ri'r aeFn. ihe miel t Y-ranilec fro'Cm 3S. ginjs toa 1,40I



N Catc:nr has bee' ncoe in a her-hiet ica iY cortrol 1led g love box

t (l(i PPMIY H20; to prevert nrydroi ysis of atrolo heric: wjater.

Ioe dry-bcox is a vac..uum/atro1,sohere D. Series, Dri-ao ,c-d

O. L -)1- 5 , with tw: c.mpartmienits' as showr tin Fi gui 1.

;Lq I i"E 2 SWWS; t ve gas ouri ficat icr system (iF! -493 D' -r ra )

.ra,,I f,-r the dry -Mom, wh r..cri ircIuces a moiecuiar si eve a3iCj , i

,. cy rw et t erer. TIhe moi st ure leve . i the box 1 m, it ,-(:

ov An AM a ni;st'ue Pra .yzer. The presv..e :inr the im. x
crtr,.i led ry rnve PC--i Pedatrol, which is ccui toeci witn a

'hot:,ei 1c, a c,,mo irat ior oressure caui"e ard 0 i freren iai

on'e.sr ire switch, Fiire 3. Finval ly tie dry-box is ec.i tiooed

wit .h a D'K-3- , Dri K--,c for temrperature control w1 it hin the hx,

Fi gure 4.

We ig lass rieltirng furrace is attached to arc acces'-e tn ;irt.,"u

tie wry-box, Figure 5,6. It ircIudes a Wal,:w cer.aric Fei
r-ter. BEth dry ritrger arnd argor have beer, used as tc-

v-, rnac-e aton-sphere, the glass being melti;ecu urcer a gas fl-w

or a'orox i matel y 4 LPii. Vitreous car,-,r and plat 3. ur

U'u.inles ( ucu- add 2dilicc) have beer used together with
V. it re_,ous ancd piat inrm lids. Tie W].ass has b:er hea.ed t,.,

5"OL for 1. 3 ho.irs, to 85-00C f:,r 0i. 5 ncurs, ard reduic:ed t,

L .-, nefore po:urir g. ihe nclds used are eitier the vi tnreu-A,

car L,,r Cruc bie itself or brass and copper siabs. Final . . ti
INN ,.s. n<tis been nnrrealed start irg at 290C'c for greater than 5

S,,,g. . is is cre i n a Tierni, 1 yire Furrace (ode 1 rc.

;4U-,, which is located witir, the cry-ox.

,larA cefect aralisis nas beer core usirq tie ISI ES-4)

nas~iiii electton ri 1lcroscoje, PGF System 4 energy dispersive
.,'avzer, aco tre Arieri icr Ot ai icrc St ar plarized 1 n[.t

,ic,' sc,,ie. Tre ciass tias been t ested for t ra isu g:c-.iC<i" r.!h

a Few'-,r -El..Imleri 983 irf-'ared soectrometer.

I Cat i r iec ct ,r,

.,.I rt tweLvP rMelts -f ZBL.PN pl.anu nave resulited in twv

. i li t; a r( l.er otner s wtit17M c-nt a ri a I . 4 htb .s-e.

'v -- ,'1 A dtmisoi e'E'S ternoerat ices arc crucini: nma.teria is nnfi'

Im-'- _ tuV L'Ca. t; ,the orbjel m laS ijersi steA. nee Tabe 7 I .
" r 9, ar, #3- a-e c Icar, aJt, ou a their s 'cceS - a.= o ne r,

' "'"'""" to an' f che va-ie. arameters.



.h ) 'Lc;tiLD! a aysLs cf tWte black ohase does riot show carboy,
Sort I" ccrtamrnatir from the cruciable), see f i uLe 7-.'-

'ii urn'e re. K. oUnscn has demnrstrated that if ,one of

te-. sa les corntai irn tie black oase is remelted under

.- *- r c, e ou'. iAt becomes quite clear ard trarswarert
:1iS suiOests tnat the glass cations are ue.rrg reduced durI, 

the melt ingp :m'c'cess. The oiac" phase car, be successful y
Sec, rocr P. arole ZrF (4-×) L~i . i8 "ese results str'nry

iuc. dt that the rucrace seals have leaked air ( H .3HL) m.r a

wto i c i ? t : to q. osi veropressure, and irmproveo u:opi "
arc. iocwi-c mu I F er can seaj s, and oush rcd seal i.e. the s.e
or a vacu:um rease r t -e vitor "U--ri rqs", an 1 uorc'venc' n, ]sh

,"C, i 0,.sh r'od surrace, aid oroper1y size "U-rinos" an,!

ualanas), trie melts are clear. The black phase has beer,

e - ,rinat en rc:: the z± ass, see Table I I i. Further,

ir|ro vernerits con t he OuS- r'oc surface shou l1d e .irinate the

KLr-t cay tin t whicn Mas occurred ir melt 413. Witn U',i,

to. o-n.ism 'cd surface becomes scratched causi rig a weaKen nqt of

The seai. ni, au uoaests that there is cntact between he

t.wo nickiel oarts, or even abrasior frcm sublimed ZrF 4 .

ne R tr ansmnss:io curve for Melt #15 is shown in Figpure

',6a ,', a sarnol e thicknes of .518 cm. The infrared

a:m ',rot, dr gd.ae begi a.nis at 5 m. in addition there is a C,

ann '1 0 , in narc at 4. 2 r, ard a water absorotion, band at
s)wx,' mateiv 2.9I- m, see figure lob. There isa 2%

a Dr at a ,r uo tc water. Purt her ara 1 ys is reeds to be ccria'
to cese'nre mow much of tn is absor't icn is due to surface

.. :cmc-,cin d to nu.r' water. [his will be are in Phase .I with

S _ c pr Car', F .' R.

-'s a rmenu i t of ,o slow a quenichina rate, cyrstallizatio haa.

cLc<,.e it, 1 rn:oot of the melts. Cubic AliF 3  crystals, 5 mi an

ari, c: ha.e bee'-c 'bserved bc'th with polari zed light ani

Q to etrt"'i til crc'sc'ov, Figure 1 .1. CD, analysis of

., ?:-._ 2j w--- s , taLE5s cortaiirr crystals has resultd irn

cat .-,, ,1.r c.v"ystal. Fnese crystals f:rm
S t, ,*'' t i '13 , vl t , LaSS -,a fllie .



~ sc'czrd icerit F led cryst al t yre has ,DeEzr, cofror. y i.r£9

1 r 'Sf1 c id e it 5. I 1ur I~ C.,E IC WS ss'ic s S I~ a C'rvySt AI* :5er
wiP It I*, he cv v7A al. is abcitt il r, c1 i ihi~s~
Li£ C ui'icIr i t 1c C Li -rdV t,) i2 c). I i C .7 1. 1 i qnt, I' P i'5 e '

S) ne Sl-* I A ri, I y,7 i s of t hes:e cry-st Al F f ' L u ~rd w i I -1
Ill I-s riDrs y sor' to. De c, I st ers at c -:

C-~yt t A. (F 10Ii-urE? LLdb) r-h irdividual cr-ysta 1' 5 ti rroiia

a iat i zrt c a n :) cair o t-, b'uib t .1 u~ 'r F.- 1n . i14 ,h'

T L ihtb 1es sie ccrrmcr 1y t-id orl t hec irt cracpbt e'
tll *i2 ia 55 r ilr ticv l r.'iisci'c cruci .3e, Their i :i:

1r~'z Ii, ,si-?, t ha I- aQ ' tatic-o tc rLijiC b .0-oti t

L i1 ri0 iv C51£ au7 nt )es e b t m o I es t *: o.v e 1 rt t ' e p It

""( bpec nojrl t nat witr bCare t 'it r urr- ce. irl ', C-n rl a-

G' e C, A9 i C D 1 I t for CP h A r i ic I , ca Ekn e. s ucue ss t u.1I , y t,3 c

"le ~ ~ f I 1) a drly * 1 rert at m::-7-So ere. Wi1.t -- S, '.i!.t

I t 1 1rn r, a he p Cr u- race cl1 Cf e Qc Lc r. 7, aS' P -a

,l r cci' , It. I n i e I t edc a i So e cIar zr a r t-zt ire; P-t, I.
t I~ iai-'et PC care' 'thcu Ic. be t aker, u- 1 rr4 pcir(, 1 'i~la-c

cI 1-tv; t,-. E 1 '111 rate defects: sui As o.ib;a- les and c, - y s t a

)f 'i C e ac E OuLa Ity:

r C r PFi, I It

- ~~~ o 1c -4 r I d~- 'A Ii tw ' c e i .
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FIGURE 11

Mi-rograph of Alf 3 Crystals,
(a) Polar ized Light , 80X; (b) SEM, 4.3KX.
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FIGURE 10a

Transmission Curve for ZBLAN Glass Remelt #15.
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FIGURE 7

SEM micrograph (BSE) of a polished ZBLAN glass
surface containing black particulates.
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Thermocouple_ Lid Seal ("O-rings")

Lid Handle Lid Clamp

Glove Box Bottom Gas Outlet

Water Cooling - ---- Upper Muffle Cap Seal
System --- - ("O-ring")

Upper Baffle
*- Assembly

Watlow Heating Element

Crucible

Platform

Lower Baffle Lower Muffle Cup Seal
Assembly ("O-ring")

Gas Inlet Push Rod Seal ("0-ring")

Push Rod

FIGURE 5

Furnace lised to mnelt ZBLAN glass.
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WAC

MoistureAnalyze

Pedet rol
Panel

FIGURE 3

Vacuum/Atmosphere Moisture Analyzer
(AM-2), and Pedetrol Panel (PC-I)

FIGURE 4

Vacuum/Atmosphere Dri-Kool (DK-31)
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* .. -~ -c---. - ~--v- ru 7T7 .Y Getter

k olclr9iv

r FIGURE 2
* Vacuum/Atmosphere HE-493 Dri Train

mounted on left end panel of Dri-Lab.
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Table III

ZBLAN Glass Melts done with the Improved Furnace Seals.

MELT ATMOSPHERE OVERPRESSURE MOLD RESULTS

13 N 2  2.5PSI crucible Clear melt, crys-

tallized on quench-
ing.

(13 re- N 2  2.5PSI crucible Clear melt, gray
melt) glass with crystals.

14 N 2  2.SPSI crucible Lost lid during
melt (reduction
occurred).

15 Ar 4 PSI crucible Clear, crystallized
on quenching.

(15 re- Ar 4 PSI brass mold Clear glass, with
melt) bubblqs.

8
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TABLE II

Melt # Crucible Atmosphere Temperature Results

1 Vitreous tP N2  8100 C Clear Glass
Carbon V-25

2 Vitreous House N2  790 Black Particulates
Carbon V-25 in glass

3 Vitreous House N2  790 Black Particulate
Carbon V-10 in glass

4 Vitreous House N2  750 Black Particulates

Carbon V-10 and Crystals in glass

Pt House N2  780 Incoffplete Melt

6 Vitreous House N2

Carbon V-25 Cxyclear Getter 800 Black Particulates
in Gray Glass

8 Vitreous House N2
Carbon V-25 Cxyclear Getter 845 Black Particulates

in Gray Glass

9 ''itreous Araon 850 Clear Glass, Crystals
'arbxn Y-25 (30 min. soak) formed during annealing

Sr'lreous Argon 850 Black Particulates
-arrcn V-25 (30 min. soak) in Gray Glass

tr"'rus UMP N2  850 Black Particulates

(:jrbcn V-25. (30 min. soak) in Gray Glass

"'1treOus UHP N2  850 Gray Glass, with

irbon/- (30 min. soak) Crystals and Black
Particulates

"!

I



TABLE I

Fl-uor ide Purity Soulc

Z r 1"4  99.5% Sassoon metals
(sublimed) * Chemical, Inc.

-BaF 2  99.9% Sassoon Metals &
Chemical, Inc.

LaF 3  99.9% E. M. Chemical

AlF 3  99.9% E. M. Chemical

NaF 99. 9% Alfa Products

0.

* * Prepared at RPI (Moynihan) and HAFB RAIY2 (Suscavaqe) by heating

to 8000C and recondensing at 5500C.

6
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FIGURE 13

Polarized Light Micrographs of Bubbles forming
Striation in melt #15

(a) 32X; (b) 80X
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